Ribonucleotide reductase catalyzes the reduction of the four ribonucleotides to the corresponding deoxyribonucleotides. In most organisms, this reaction is the chief source of deoxyribonucleotides. Thus, the enzyme plays a key role in deoxyribonucleic acid (DNA) synthesis and subsequent cell division. There are two known types of ribonucleotide reductase which differ principally in their cofactor requirements. In Escherichia coli the ribonucleotide reductase is a nonheme iron-containing protein which requires adenosine 5'-triphosphate (ATP) and Mg2+ as cofactors. It reduces ribonucleoside diphosphates (13) . Similar enzymes have been described in yeast (14) and mammalian tissues (8, 11) . The enzyme isolated from Lactobacillus leichmannii uses ribonucleoside triphosphates as substrates and adenosylcobalamin as cofactor (2) . Published reports indicate that the cobalamin-dependent reductase is probably more common among bacteria (5) . In this paper we describe some of the properties of the ribonucleotide reductase in the blue-green alga (bacterium) Agmenellum quadruplicatum. Enzyme activity was assayed in situ in ethertreated cells and resembles the reductase from E. coli.
A. quadruplicatum strain PR-6 was obtained in axenic culture from C. Van Baalen (The University of Texas, Marine Science Institute, Port Aransas, Tex.). The organism was maintained at room temperature in liquid medium, ASP-2 (12). Cells used for enzyme assays were grown in the same medium supplemented with 1 g of Na2CO3 per liter. A gas mixture consisting of 5% Co2 in N2 was bubbled through the medium. Cells were grown in continuous light from Sylvania cool white lamps at The procedure for ether treatment was modified from that used for E. coli as described by . An equal volume of ether was added to resuspended cells, and the mixture was rocked gently for 1 min.
The cells were then layered onto a sample of the above medium that contained an additional 0.1 g of sucrose per ml. A 4-ml layer was used for each 1 ml of ether-treated cells. The tubes were centrifuged for 10 min at 10,000 x g. The upper layers were removed, and the pelleted cells were resuspended in the same amount of medium as above. Samples were frozen for future assay. Ribonucleotide reductase activity was stable for 2 weeks in frozen, ether-treated cells.
Ribonucleotide diphosphate reductase (EC Previous results had shown that unlike the majority of blue-green algae, extracts of A. quadruplicatum had no ribonucleotide reductase activity in the exchange reaction with 3H-labeled adenosylcobalamin (5a) . Attempts to demonstrate reduction in crude extracts using 3H-labeled CDP were hampered by inadequate separation of substrate and product. Much more consistent results were obtained using ether-treated cells. After the reaction, the cells and most of their high-molecular-weight components are easily removed from the assay mixture by centrifugation. The nucleotides in the supernatant can then be separated by thinlayer chromatography. Like typical bacterial cells (16) , the cyanophyte cells remain intact after ether treatment but are rendered permeable to nucleotides and other components of the reductase reaction. Figure 1 shows In addition, reaction in ether-treated cells requires a reducing agent, dithiothreitol, and is stimulated by nicotinamide adenine dinucleotide phosphate, reduced form. The latter is probably used to reduce thioredoxin, a small sulfhydryl-containing protein which is the physiological reducing agent in ribonucleotide reduction (9) . Table 2 describes the effects of iron-chelating agents on reductase activity. Hydroxyurea and hydroxylamine are known to inhibit ribonucleotide reduction in E. coli by apparently preventing free radical formation at the iron-containing active site of the enzyme (1). These agents are also effective inhibitors of the reaction inA. quadruplicatum. Thus, the Agmenellum reductase probably contains iron at the active site. Presumably, DNA synthesis in this organism could also be inhibited by addition of hydroxyurea. Although it has been reported that hydroxyurea is not effective in this capacity in Anacystis nidulans (10) , recent results in our laboratory show that this organism contains the cobalamin-dependent reductase (5a). Thus, hydroxyurea would not be expected to be an effective inhibitor in A. nidulans but should be in A. quadruplicatum, assuming it is incorporated into the cell.
The ribonucleotide reductase from E. coli is known to be subject to allosteric regulation by deoxynucleotides, principally dATP (3). dATP has a dual role, being stimulatory at concentrations below 10 ,tM and inhibitory at higher concentrations. The reductase activity in A. quadruplicatum can also be altered by addition of dATP. The results in Fig. 2 show that unlike the E. coli enzyme, the reaction in the cyanophyte is inhibited by all concentrations of dATP tested. The effect of dATP on reductase activity could explain some of the results obtained by Ingram and Fisher (7). These workers described the inhibition of DNA synthesis in A. quadruplicatum by addition of deoxyadenosine to their cultures. We suggest that when it is incorporated into the cell, the nucleotide is probably readily phosphorylated to the triphosphate and becomes an effective inhibitor of ribonucleotide reduction. According to the data in Fig. 2 , at low concentrations the deoxynucleotide would inhibit only slightly and lead to some slowing of the growth rate. At higher concentrations, above 50 ,AM, enzyme activity is less than half-maximal, thus providing little substrate for DNA synthesis and leading to the DNA degradation noted by Ingram and Fisher.
These results show that blue-green algal cell walls, like those of many bacteria, can be made permeable by treatment with ether. This technique can be quite useful for the study of in situ enzymatic reactions in these organiisms.
